Background: Physiological composite scores are used to predict mortality in multiple trauma patients. Sepsis is the leading cause of late mortality in trauma victims brought about by immune suppression due to homeostasis dysregulation. Objective: To determine whether APACHE II, SOFA, ISS and RTS scores can predict the occurrence of sepsis in multiple trauma patients. Methods: APACHE II, SOFA, ISS, and RTS scores were calculated during the first twenty-four hours after the injury for sixty-four adult poly-traumatic patients. The occurrence of infectious complications was investigated over a fourteenday period. The infection-free rates for the multiple trauma patients were considered as end-points in the KaplanMeier plot analysis. Results: For SOFA, a cutoff score of 4 points was identified as a predictor of the occurrence of sepsis, with 89% of the patients with SOFA<4 being infection-free, while 37% of those with SOFA>4 were infection-free (p<0.01). None of the patients with APACHE II≤5 points developed infections. Eighty-four percent of patients with APACHE II scores of 5-10 did not develop sepsis, while 49% with APACHE II≥11 were infection-free (p<0.01). A cutoff of 7 points was found to be most discriminative for RTS. Eighty-eight percent of the patients with RTS≥7 and 43% of those with RTS<7 were infection-free (p<0.01). Eighty-eight percent of patients with ISS<22 did not develop sepsis and 56% with ISS≥22 did not develop sepsis (p<0.01). Conclusion: APACHE II, SOFA, ISS, and RTS functional severity scores can predict mortality as well as the occurrence of sepsis in multiple trauma patients.
Introduction
Multiple trauma patients have a high risk of developing sepsis. Thus early diagnosis and the commencement of immediate antibiotic treatment are mandatory to reduce morbidity and mortality [1] .
The differentiation between the trauma-induced systemic inflammatory response syndrome (SIRS) and the occurrence of sepsis in multiple trauma victims is not always straightforward as both present with similar clinical and laboratory findings [2, 3] . Moreover, the results of bacteriological cultures taken to identify microorganisms potentially responsible for sepsis are often delayed and may yield both false negative and false positive results when colonization cannot be differentiated from infection [4] .
Sepsis is the leading cause of late mortality in trauma victims and is due to immune suppression caused by homeostasis dysregulation. Physiological composite scores are used to predict mortality in multiple trauma patients. The Glasgow Coma Scale, the mean blood pressure, and the need to provide mechanical ventilation, are calculated from the clinical variables. If the clinical and physiological variables demonstrate good predictive abilities, especially when combined with functional severity scores, they could be used to evaluate the risk of in-hospital mortality as well as the risk of developing severe infections in multiple trauma victims.
The objective of this study was to determine whether the composite functional severity scores, ISS (The Injury Severity Scores), RTS (The Revised Trauma Score), APACHE II (The Acute Physiology and Chronic health Evaluation II) and SOFA (The Sequential Organ Failure Assessment) could predict the occurrence of sepsis in multiple trauma patients.
Methods

Subjects
The enrollment of patients into this prospective observational study was approved by the Ethics Committee of the Iuliu Hațieganu University of Medicine and Pharmacy Cluj-Napoca (Approval no. 549/2012). All included patients, or the next of kin, gave written informed consent for patients to participate and records to be used in the study. Sixty-four multiple trauma patients, aged over 18 years, having an Injury Severity Score (ISS) higher than 16 points, who survived at least twelve hours after a traumatic injury and who were admitted to the Intensive Care Unit (ICU) of the Clinical Emergency County Hospital of Cluj between November 2012-November 2013, were admitted to the study. Exclusion criteria were: burn injuries, chronic renal insufficiency, thyroid diseases, chronic liver diseases, autoimmune diseases, and previous treatment with immunosuppressive drugs.
For each patient, demographic data, clinical findings, laboratory results and physiological parameters were recorded upon admission. In the first twentyfour hours post trauma the following functional severity scores were calculated: ISS (The Injury Severity Scores), RTS (The Revised Trauma Score), APACHE II (The Acute Physiology and Chronic health Evaluation II), SOFA (The Sequential Organ Failure Assessment), as well as GCS (Glasgow Coma Scale).
Any clinical suspicion of infection was confirmed by positive cultures obtained from biological samples (urine, tracheal aspirates, blood cultures). A diagnosis of pneumonia was made if new infiltrates were observed on chest X-rays, together with positive cultures.
A diagnosis of a severe systemic bloodstream infection was made based on the identification of recognized pathogens in blood cultures. Urinary tract infections were confirmed based on urinary cultures in excess of 10 5 microorganisms/mL. Surgical site infections were confirmed by the identification of organisms from aseptically obtained specimens collected from the skin and subcutaneous tissue associated with any of the surgical incisions. Each patient was considered to be infection-free at fourteen days if no infection could be identified (Group T) or a patient who presented infectious complications (Group T&S) when one or more septic complications were diagnosed. The occurrences of infectious complications were followed up for fourteen days after the traumatic event, and were considered as end-points.
Blood samples were taken, and patients' treatment included complex haemodynamic and respiratory monitoring, volemic resuscitation, continuous norepinephrine infusion if septic shock was present, organ support, empiric antimicrobial therapy until the bacteriological results were available, and guided antibiotic therapy thereafter, nutrition, stress ulcer prophylaxis and deep vein thrombosis prophylaxis, multimodal analgesia and blood transfusions if required, together with physical therapy.
Statistical analysis
Unpaired t-test assuming equal variances to compare mean values for continuous data and Chi-squared test with Yates' correction for categorical data was used. The level of significance was set at alpha = 0.05.
Kaplan Meier plots were used to analysis the time lapse from admission to the time when the infection was diagnosed [5] .
The percentage of patients who were infection-free at 14 days was the considered the end-point. The discriminators were the cutoffs identified as optimal thresholds for each clinical parameter or composite functional severity scores.The thresholds were determined by correlating the clinical parameter or the severity scores ISS, RTS, SOFA, and APACHE II, with the outcome: patient with infection or patient free of infection at 14 days, by using Cox proportional hazard models. The percentage of patients who developed infections was calculated for the groups with mean blood pressure, need for mechanical ventilation, ISS, RTS, SOFA, APACHE II, and GCS higher and lower than the optimal identified cutoff.
Results
From the sixty-four multiple-trauma patients that were included in the study, eighteen (28.12%) developed infections in the first fourteen days following a severe traumatic event ( Table 1) . Seventeen of these presented with pneumonia, five presented with urinary tract infections, one presented with surgical site infections, while six presented with bloodstream infections. There were no significant differences regarding age and gender distribution between patients who did not present with infectious complications (Group T) and those who presented with infections during the study period.
According to clinical and laboratory data, prehospital hypotension and preexisting chronic diseases, as well as hypoxemia on admission, were associated with higher infection rates. The functional severity scores, GCS, SOFA, APACHE II, RTS, and ISS, at time of admission to the ICU, were more severely altered in the patients who developed infections later on, compared to those who did not (p<0.05) ( Table 1) . Thus, the T&S group patients presented a greater degree of physiological impairments on admission. The predictive role of clinical parameters for the occurrence of sepsis in multiple trauma patients A cutoff of 8 points was identified for GCS, patients with a GCS higher than 8 points having an increased risk of developing sepsis compared to those with a GCS lower than 8 points (83% versus 19%, p<0.01) (Figure 1 ). Only 25% patients who presented pre-admission hypotension (systolic blood pressure below 90mmHg), were free of infectious complications, while 88% of the patients who did not present with prehospital hypotension were free from infections at 14 days (p<0.01) (Figure 1) .
The initial need for mechanical ventilation was also investigated as a prognostic marker. Patients requiring mechanical ventilation were at higher risk of developing sepsis compared to those who were mechanically ventilated in the first seventy-two hours (p<0.01) (Figure 1) . None of the patients requiring mechanical ventilation within the first three days, subsequent developed sepsis.
Sepsis prediction based on the functional severity scores in multiple trauma patients
Patients who developed infectious complications during the first fourteen days after a traumatic event had much altered initial functional scores compared to those who did not (Table 2) .
For the SOFA score, by using Kaplan-Meier plot analysis, an optimal cutoff value of 4 points was identified as being the most discriminative. Eighty-nine percent of the patients with a SOFA lower than 4 did not present with infections during the study period, while 37% of patients with SOFA>4 did not present with an infection. (p<0.01) (Figure 2A) .
None of the patients with an APACHE II score lower than 5 points developed sepsis. During the study period, 84% of patients with an APACHE II scores ranging from 5 to 10 points did not develop infections, while only 49% of patients with an APACHE II score higher than 11 points did not present any infections (p<0.01) ( Figure 2B ).
For the RTS, an optimal cutoff of 7 points was identified. Eighty-eight percent of patients with an RTS higher than 7 points did not develop infections, while 43% of the patients with RTS lower than 7 points did not develop infections (p<0.01) ( Figure 2C ).
For ISS, an optimal threshold of 22 points was identified as the most discriminative. Eighty-eight percent of patients with an ISS lower than 22 points were free of infections at fourteen days, while 56% of those with ISS higher than 22 did not develop sepsis (p<0.01) ( Figure 2D ). 
Discussion
The significance of SIRS (systemic inflammatory response syndrome) in the diagnosis of sepsis is seriously threatened by the new definitions of sepsis [5] . This response aims to restore homeostasis and represents the core immunopathological alterations that induce multiple organ dysfunctions, and can also be caused by severe traumatic lesions. The processes that characterize the recently discarded SIRS concept, i.e. activation of the immune cell function, induction of stress hormones synthesis, synthesis of arachidonic acid derivatives, activation of the coagulation cascade and the complement system, all play important physiological roles. These proinflammatory responses may lead to multiple organ dysfunctions with possibly lethal consequences [6] [7] [8] . The severity of the initial injury characterizing each system and organ can be quantified.
The initial severity of an injury is reflected in the clinical state of the patient and can be measured by using physiological parameters. For nervous system dysfunction, the Glasgow Coma Scale serves to assess motor activity. Cardio-vascular function is quantified initially by measuring blood pressure, heart rate, and seric lactate. Respiratory dysfunction is reflected in breathing rate and blood gasses, alterations in which might imply the need for mechanical ventilation. All the clinical and biological parameters, which are obtained by analyzing each organ and system, reflect the degree of severity of the initial injury. The joint use of these parameters has lead to complex functional severity scores, the validation of which, through large sample studies, have resulted in their routine use as outcome predictors. Some of these composite scores, such as the APACHE II and SOFA can be applied to all critically ill patients, while others, like ISS and RTS, are specific for trauma cases [9] [10] [11] [12] [13] [14] . The usefulness of these scores is that they allow the calculation, and therefore the prediction, of the risk of death, as an outcome measure.
In multiple trauma patients, the initial proinflammatory response syndrome is soon replaced by an antiinflammatory response that leads to immune suppression and a higher risk of septic complications [15] . Late mortality following trauma is frequently caused by septic complications that are due to traumatic lesionsassociated immunosuppression [16, 17] .
Functional scores are used to assess mortality in critically ill patients who display organ dysfunctions on admission to an ICU. These scores have been used in practice for more than 50 years and have the advantage that they are easy to use, cheap and reliable, and have been already validated. The ICU physician may accurately predict the outcome regarding mortality by performing calculations based on clinical and laboratory data. Mortality rates have been investigated and quantified for each composite score.
Most frequently, in all ICU-patient categories, SOFA and APACHE II scores are calculated. These have also been applied to multiple trauma patients. In this category of patients, the mortality rates can also be evaluated based on specific scores, like RTS and ISS, which are used to complement the general scales [18] .
The usefulness of these scores resides in the fact that they allow physicians to direct efforts towards patients who would benefit most following initial triage. They can facilitate organizational and management decisions by assessing the level of care given in each ICU and permit a comparison of different centers.
The clinical scoring systems may be capable of predicting a diverse set of outcomes [19] . In the current study, the hypothesis was that the functional composite scores, as they relate to mortality rates, may be predictors of sepsis in multiple trauma patients. Previously, it has been suggested that the predictive potential of the scoring systems was usually no better than clinical judgment [19] . The current study findings suggest that both the clinical characteristics and the composite scores may be used to predict the occurrence of sepsis in multiple trauma patients.
All the investigated composite scores discriminated between two categories of patients, those with scores higher and lower than the optimally identified thresholds. Patients with scores greater than the defined limits had an increased risk of developing sepsis, while patients with lower scores, presented lower infection rates. Practically, the more severe the initial injury, the more altered were the physiological conditions. The severity of the disease correlated well with the rates of occurrence of sepsis, possibly by inducing marked immune suppression.
The sample size of the reported study is modest, and being a single center study, generalization of the results is limited.
The results of this study could indicate that functional severity scores may be considered an additional tool to be used in the comparison of prognostic indicators in multiple trauma patients.
Conclusions
The functional severity scores APACHE II, SOFA, ISS, and RTS, predict not only the mortality rate but also the risks of occurrence of sepsis in multiple trauma patients.
